DEC 02 2002 16:28 FR 




F I N N EG AN 
HENDERSON 
MRAB Q W 
CAR RETT* 
OU NNE R LIT 

1300 I Street, NW 
Washington, DC 20005 
202.405.4000 
Fax 202.408.4400 
www.firinegan.cofn 



NERGAN HENDERSON404 653 64 



TO 6063056360030*00 P . 05 



submit along with the Declaration were not received by the USPTO. On Octob r 21 , 
2002, Applicants s nt copies of the invention reports to the Examiner via facsimile. In a 
November 26, 2002 P telephone conversation between the Examiner and the 
undersigned, the Examiner indicated that, upon a preliminary review, the invention 
reports supported the submitted Declaration. The Examiner told the undersigned that 
he would further consider the Declaration, including the invention reports, if formally 
submitted to the USPTO. Applicants herein resubmit the 1 .131 Declaration, along with 
the invention reports, for further consideration by the Examiner. Applicants further rely 
on the arguments set forth, in conjunction with the Declaration, in the June 14, 2002, 
Amendment, Applicants respectfully submit that the rejection based on the Tsai et al. 
reference has been overcome and that the claims are in condition for allowance. 

Further in the August 2, 2002, Office Action, the Examiner continued to object to 
the amendment to the specification, which was made to clarify the translation of the 
paragraph bridging pages 36 and 37. Specifically, the specification has been amended 
to clarify that the Bionolle #1 020 had 30% talc added to it and is not itself a talc- 
containing powder, as purchased. The Examiner has objected to the correction, stating 
that "substantial evidence" is required to demonstrate that Applicant's Bionolle #1020 is 
not a talc-containing powder, and therefore does not introduce new matter into the 
disclosure. Applicants herein submit an English translation of selected passages of 
TECHNICAL DATA SHEET" - Bionelle, Biodegradable Plastics (1991) issued by 
Showa Highpolymer Co., Ltd., which establishes that Bionelle #1020 is an aliphatic 
polyester chemically synthesized mainly from glycol and aliphatic dicarfooxylic acid, and 
is not a talc-containing powder. 
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Moreov r, MPEP § 2163.07 states, "An amendment to correct an obvious error 
do s not constitute new matter where one skilled in the art would not only recognize the 
existence of error in the specification, but also the appropriate correction." Additionally, 
the Federal Circuit has held that correcting a mere error in translation of the disclosure 
is not necessarily introduction of new matter. In re Oda , 443 F.2d 1200 (Fed. Cir. 1971 ) 
(holding that accidentally translating "nitric" to "nitrous" in the specification of a 
Japanese disclosure that had been translated to English was not the introduction of new 
matter). The court also summarized the state of the law as follows: 



Amendments purporting to correct errors or to supply 
omissions in features which are essential to the 
operativeness of the invention or the completeness of the 
disclosure are permissible, if the errors are manifest and 
were caused by a clerical mistake of the draftsmen or 
unfamiliarity of the inventor with official forms and the 
proposed corrections do not change the essence of the 
invention. 



Oda, 443 F.2d at 1204. 

The specification at issue never intended to assert that the Bionolle #1020 was 
purchased containing talc, as this did not properly reflect what the inventors believed 
the application to say. Accordingly, Applicants reiterate that no new matter has been 
introduced as the amendment was merely the correction of an obvious translation^ 
error. 

CONCLUSION 

In view of the foregoing remarks, Applicants respectfully request the 
reconsideration and reexamination of this application and the timely allowance of the 
pending claims. 
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Please grant any xtensions of time required to nter this response and charge 

any additional required fees to our D posit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 



Dated: December 2, 2002 
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[ SUMMARY ] 

[Title of the invention] 

FORMED ARTICLE OF BIODEGRADABLE RESIN 

[Object] 

An object is to provide a formed article which exhibits 
functional characteristics on a par with an existing synthetic resin 
when put into practical use and has such biodegradable properties 
that, when discarded after use f it succumbs to decomposition by the 
action of microorganisms occurring in the physical world. 

[ Constitution ] 

There is provided a formed article of a biodegradable resin which 
is formed of a multicomponent polymer material comprising a 
continuous phase and a disperse phase , characterized by the fact 
that it has a three-component system comprising the continuous phase 
consisting of an inorganic filler-containing biodegradable resin 
and the disperse phase consisting of a biodegradable resin which 
is different from that of the continuous phase. 
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[Name of Document] 
SPECIFICATION 

[Title of the Invention] 

FORMED ARTICLE OF BIODEGRADABLE RESIN 

[Scope of Claim for Patent] 
[Claim 1] 

A formed article made of a biodegradable resin which is form d 
of a multicomponent polymer material comprising a continuous phase 
and a disperse phase, characterized in that it has a three-component 
system comprising the continuous phase consisting of an inorganic 
filler-containing biodegradable resin and the disperse phase 
consisting of a biodegradable resin which is different from that 
of the continuous phase. 
[Claim 2] 

The formed article according to claim 1, characterized in that 
the continuous phase is a polybutylene succinate, the inorganic 
filler contained in the continuous phase is talc or calcium 
carbonate, and the disperse phase is a polylactic acid. 
[Claim 3] 

The formed article according to claim 1 or 2, characterized in 
that the disperse phase component accounts for a proportion in the 
range of 5 to 45% based on the total weight of the formed article* 
[Claim 4] 

The formed article according to claims 1 r 2 and 3 , wherein the 
formed article is a slide fastener. 
[Claim 5] 

The formed article according to claims 1,2 and 3, wherein the 
formed article is a separable fastener. 

[Detailed Description of the Invention] 
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[Field of Industrial Application] 

This invention relates to a formed article made of a material 
comprising three components , two kinds of biodegradable resins which 
have biodegradable functional characteristics and an inorganic 
filler discharging the role of a reinforcing material for these 
biodegradable resins. The present invention relates particularly 
to formed articles for fasteners which are fabricated by injection 
molding or extrusion molding. 

[Prior Art] 

The products of synthetic resin in use to date, owing to the 
outstanding features thereof such as light weight, low price, and 
easy workability, have infiltrated into every area of our daily life 
and now constitute themselves indispensable raw materials in the 
modern economic society. These products of synthetic resin, 
however, entail such problems of public nuisance as, for example, 
destruction and pollution of natural environment when they are 
discarded after use because they are suffered to persist in their 
undecomposed state and accumulate in the natural environment. 

in the circumstances, the idea of incorporating the resin 
products into the mass circulation of the natural world, namely the 
plan for ultimately decomposing resin products into water and carbon 
dioxide by the use of microorganisms which are present in the physical 
world, has come to be contemplated. As a result, the development 
of various biodegradable resins which are novel materials possessed 
of "biodegradability is now' under way. 

Of the biodegradable resins which are cited herein by way of 
illustration of actual use, a polybutylene succinate is an aliphatic 
polyester which is chemically synthesized mainly from glycol and 
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an aliphatic dicarboxylic acid, A polylactic acid is chemically 
synthesized by using L-lactic acid as a monomer* Their main chemical 
structural formulas are represented by the following [Formula 1] 
and [Formula 2], respectively. 

[Formula 1] [Formula 2] 

GEU 



As regards the polybutylene succinate, the biodegradable resin 
"Bionolle" using this compound as a main component has been already 
marketed. The "TECHNICAL DATA SHEET, Bionolle, Biodegradable 
Plastic (1996) n issued by Showa Highpolymer Co. , Ltd. , the producer 
of this biodegradable resin, offers such information as the outline, 
attributes, and structure thereof. As regards the polylactic acid, 
the biodegradable resin "LACT" using polylactic acid as a main 
component has been already marketed* The "SHIMADZU LACT Report - 
Lactic Acid Type Biodegradable Plastic No, 1 LACT" issued by Shimadzu 
Seisakusho K.K., the producer of this biodegradable resin, offers 
such information as the structure, attributes, and mechanical 
properties thereof. 

While these biodegradable resins are as stable in the air as 
wood and paper, they succumb to biodegradation in compost, wet soil, 
activated sludge, fresh water, and seawater and ultimately yield 
to decomposition into water and carbon dioxide, with respect to an 
inorganic filler contained in a continuous phase, since an inorganic 
compound occurring in the physical world is selected as the inorganic 
filler, the effect which the inorganic filler in the formed article 
exerts on the physical world when the formed article is discarded 
after use is thought to be relativ ly small. 
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Though the cases of successful adaptation of these bi degradable 
resins for practical use are still few in number, the products which 
UBe such biodegradable resins as have only a light load on the 
physical environment have begun to appear as alternatives for the 
existing products of synthetic res in ♦ 

[Problems to be solved by the invention] 

The use of such biodegradable resins as mentioned above in actual 
products, however, incurs a heap of problems on strength and 
moldability which remain yet to be solved* Unfortunately, none of 
the biodegradable resins which have been already introduced to the 
market satisfies all these requirements. 

The present invention, with a view to imparting to a 
biodegradable resin such strength as fully suffices effective use 
of the resin as in fasteners, for example, consists in compounding 
two different kinds of biodegradable resin materials and an inorganic 
filler to make a three-component system, thereby compensating these 
biodegradable resins severally for their defects and deriving good 
qualities from the physical properties of the individual resin 
materials - 

[Means for solving the Problems] 

The present inventors, after continuing a diligent study to 
solve the problems mentioned above, have discovered an unexpected 
fact that the three-component system to be obtained by causing the 
continuous phase of biodegradable resin containing an inorganic 
filler to incorporate therein a small amount of another biodegradable 
resin destined to form a disperse phase can acquire a marked addition 
to the "elongation" which brings about a great effect on the 
mechanical strength of material* The present invention has been 
perfected based on th above discovery. 
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Specifically r the present invention resides in providing a 
formed article of biodegradable resin excellent in strength by 
preparing a biodegradable resin abounding in expansibility by such 
means as mentioned above and using this resin as the raw material • 

Now, the basis of the present invention will be explained below. 
The biodegradable resin used in the present invention is not limited 
to a polybutylene succinate and a polylactic acid. Any known resin 
having biodegradable functional characteristics may be used without 
any particular restriction. An inorganic filler is used as a 
component of the formed article . In the present invention , any known 
inorganic filler may be used without any particular restriction. 
The inorganic filler does not need to be limited to talc and calcium 
carbonate. 

The materials used here were a talc-containing polybutylen 
succinate for the continuous phase of an inorganic filler-containing 
biodegradable resin on the one hand and a polylactic acid, a 
biodegradable resin, for the disperse phase on the other hand. When 
the talc-containing polybutylene succinate and the polylactic acid 
are used independently of each other, they both exhibit only small 
elongations (Table 1)* 



[Table 1] 



Biodegradable resin 


Elongation(%) 


Polybutylene succinate containing 30% of talc 
Polylactic acid 


6.4 
1.0 



incidentally, by using the talc -containing polybutylene 
succinate for the continuous phase and meanwhile using the polylactic 
acid for the disperse phase and then kneading these two components, 
a formed article of biodegradable resin which exhibits an elongation 
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approximating closely to 300% can be provided. Practically, resins 
composed of inorganic filler-containing polybutylene 
succinate/polylactic acid in varying mixing ratios were prepared 
and examined for physical properties- [Fig. 1] 




Talc 



CaCQ 3 



60 



80 



It is noted clearly from the results shown in [Fig. 1] that the 
elongation during the tensile test depends largely on the mixing 
ratio of the two resins, namely the talc-containing polybutylene 
succinate and the polylactic acid. Generally, in the multicompon nt 
polymer material , it is known that when the components of the material 
are mixed, the component of the largest amount forms a continuous 
phase and the component of the smallest amount forms a disperse phase. 
The results in the case mentioned above also seem to indicate that 
at the mixing ratio at which the greater elongation is observed, 
the talc-containing polybutylene succinate forms the continuous 
phase and the polylactic acid forms the disperse phase. It can be 
understood that when the samples of resin material are actually 
observed under an optical microscope to test for the state of 
dispersion, the talc-containing polybutylene succinate is found to 
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f rm the continuous phase and the polylactic acid the disperse phase 
(Fig* 2). 
[Fig. 2] 



The results described above indicate that by using the 
talc-containing polybutylene succinate for the continuous phase and 
the polylactic acid for the disperse phase, namely by forming a 
three-phase structure having the particles of the polylactic acid 
dispersed in the talc-containing polybutylene succinate, the 
resultant formed product of biodegradable resin can be endowed with 
marked elongation- They further indicate that, for the sake of 
imparting functional characteristics mentioned above to the resin 
material, the biodegradable resin forming the disperse phase is 
preferred to account for a proportion in the range of 5 to 45% , based 
on the total weight of the formed article, so that the functional 
characteristics mentioned above can more powerfully appear* 

The same effect can be obtained even when calcium carbonate is 
selected as the inorganic filler for the continuous phase* [Fig. 
1] 
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As described above, the present invention solves the 
aforementioned problem that confronts it by producing the formed 
article of a multicomponent type biodegradable resin with a 
three-component dispersion system using an inorganic filler- 
containing biodegradable resin for the continuous phase and using 
for the disperse phase a biodegradable resin other than the resin 
for the continuous phase mentioned above, which constitute the formed 
article, for the purpose of improving the elongation which occupies 
an important position in the mechanical properties of material. 
More preferably, the polybutylene succinate is used for the 
continuous phase mentioned above, the polylactic acid is used for 
the disperse phase, and talc or calcium carbonate is used for the 
inorganic filler . For the sake of obtaining more favorable results , 
it suffices to use the polylactic acid destined to form the disperse 
phase under the conditions mentioned above in a proportion in the 
range of 5 to 45%, based on the total weight of the relevant formed 
article. 

That is to say, the most significant characteristic feature of 
the present invention resides in the fact that the formed article 
of the multicomponent type biodegradable resin is formed from a 
three-component dispersion system containing an inorganic 
filler-containing biodegradable resin as the continuous phase and 
a biodegradable resin other than the resin for the continuous phase 
mentioned above dispersed therein as the disperse phase, preferably 
by using the polybutylene succinate for the continuous phase, the 
polylactic acid for the disperse phase, and talc or calcium carbonate 
for the inorganic filler, and more preferably by using the polylactic 
acid destined to form the disperse phase under the conditions 
mentioned above in a proportion in the range of 5 to 45%, based on 
the total weight of the relevant formed article- The formed article 
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can be improved in elongation and strength by using therefor the 
three-phase structure having the biodegradable resins mixed, 
particularly in such a ratio as mentioned above, 

Any biodegradable resins , polybutylene succinate and polylactic 
acid, and any inorganic fillers, talc and calcium carbonate, produc d 
by any known method may be used in the present invention without 
any particular restriction. 

The formed article contemplated by the present invention is not 
discriminated on account of the particular method of production to 
be adopted. A method which may be cited as the most typical method 
for the production of a formeded article of biodegradable resin 
comprises first preparatorily incorporating an inorganic filler 
endowed with compatibility by a surface treatment into polybutylene 
succinate, thoroughly kneading the two components together, then 
mixing the product of kneading with a polylactic acid at a proportion 
in the approximate range of 5 to 45%, based on the total weight of 
the mixture, kneading the components consequently joined at 190°C 
by the use of a kneading device, and then molding the kneaded resin 
with an injection molding device thereby obtaining a molded article 
of biodegradable resin characterized by comprising particles of the 
polyacetic acid as the disperse phase dispersed in the continuous 
phase of the talc-containing polybutylene succinate. That is to 
say, the present inventors have discovered that a formed article 
of biodegradable resin having higher strength is obtained easily 
with high reproducibility by kneading the talc-containing 
polybutylene succinate and the polylactic acid at a stated mixing 
ratio and then injection molding the kneaded resin. The kneading 
temperature does not need to be fixed at the magnitude mentioned 
above. The kneading which is performed at a temperature exceeding 
the melting points of the relevant resins suffices for the intended 
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purpose. optionally, the kneading of the two resins may be effected 
by a method which avoids using a kneading device, namely a method 
which comprises mixing the two resins each in the shape of pellets 
prior to the step of molding. 

[Examples] 

Now, a working example is given below to describe the present 
invention more concretely- As a matter of course, the present 
invention is not limited to the following example. 

[Example 1] I 

Commercially available biodegradable resins were used as the 
raw materials herein. In the present example, the talc-containing 
(30%) grade of the aliphatic polyester type biodegradable resin 
"Bionolle" #1020 made by Showa Highpolymer Co., Ltd, was used as 
talc-containing polybutylene succinate and the polylactic acid type 
biodegradable resin "LACT" #2012 made by shiiuadzu Seisakusho K»K. 
was used as polylactic acid. First, the pellets of these resins were 
dried under a reduced pressure at 80 °C for four hours- The dried 
pellets were severally processed by the dry blend method using an 
injection molding device to obtain injection molded slide fasteners , 
namely the molded fastener A which was formed solely of the talc 
30%-containing grade of Bionolle and the molded fastener B which 
was formed of the talc 30% -containing grade of Bionolle/LACT at a 
mixing ratio of 80/20, i.e. Bionolle/talc/LACT at a mixing ratio 
of 56/24/20. 

The resultant molded articles A and B were severally tested for 
lateral tensile strength. The results of the test are shown in 
[Table 2], An outline of the method for measuring the lateral 
tensile strength is illustrated in [Pig. 3 ] . When the sample solely 
using the talc-containing Bionolle (molded article A) and the sample 
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using the talc-containing Bionolle for the continuous phase and the 
LACT for the disperse phase (molded article B) as indicated in [Table 
2] are compared, it is found that the fastener of the molded article 
B using the LACT for the disperse phase showed greater lateral tensile 
strength. The test results demonstrate the effect which was brought 
about in the increase of strength by the construction of a three-phase 
structure formed of the continuous phase of the inorganic 
filler-containing biodegradable resin and the disperse phase of the 
biodegradable resin. 



Molded 
Article 


Composition 


Lateral tensile 
Strength (kgf .25 mm" 1 ) 


A 
B 


Bionolle/ talc = 70/30 
Bionolle/talc/IACT = 56/24/20 


29.7 
35.9 



[Fig. 3] 




Rate of PuUin* 300 <* 25 mm 

[Brief Description of the Drawings] 
[Fig- 1] 

This figure shows the elongation exhibited by a resin material 
having a varying talc-containing polybutylene succinate/polylactic 
acid mixing ratio or a varying calcium carbonate-containing 
polybutylene succinate/polylactic acid mixing ratio. The abscissa 
axis is the scale of the proportion in % by weight of the poly lactic 
acid to the total weight of the mixed resin material containing the 
inorganic filler and the ordinate axis is the scale of the elongation 
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in % strain. The part enclosed with a dotted line in the diagram 
(the mixing ratio of LACT ranging from 5 through 45%) represents 
a recommended range. The distance between two gage marks on a test 
piece used in the measurement of elongation was 50 mm. 

[Fig. 2] 

This figure shows a polarized photomicrograph of the cross 
section of a monofilament having a talc-containing polybutylene 
succinate /polylactic acid mixing ratio of 75/25 . The cross section 
was photographed by using a quarter-wave plate under the condition 
of cross Nichol. The purple part of the diagram represents the 
polybutylene succinate component, the orange- colored part 
represents the polylactic acid component, and the blue or bluish 
white portion represents talc. 

[Pig- 3] 

This figure shows the specification for determining the lateral 
tensile strength in Example 1 . With fastener stringers so held as 
to keep coupling elements in a meshed state, fastener tapes were 
drawn by the use of a tensile tester at a fixed rate (300 mm/min.) 
in the direction of engagement of the stringers as illustrated in 
the diagram to test for tensile resistance. Clamps had a width of 
25 mm. 
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[Title of the Invention] ^ 
FORKED ARTICLE OF BIODEGRADABLE RESIN 

[Object] 

An object is to provide a formed article which exhibits 
functional characteristics on a par with an existing synthetic resin 
when put into practical use and has such biodegradable properties 
that, when discarded after use, it succumbs to decomposition by the 
action of microorganisms occurring in the physical world* 

[Constitution] 

There is provided a formed article characterized by having a 
two-phase structure comprising as main components thereof two 
components, polybutylene succinate and polylactic acid which are 
biodegradable resins, wherein particles of the polylactic acid 
portion are dispersed in the matrix of polybutylene succinate, or 
further characterized by the fact that the diameter of the particles 
of the polylactic acid portion is not more than 9 }iax* 




-2- 



[ SUMMARY 1 
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[Name of Docum nt] 
SPECIFICATION 

[Title of the invention] 

FORMED ARTICLE OF BIODEGRADABLE RESIN 

[Scope of Claim for patent] 
[Claim 1] 

A formed article made of a biodegradable resin characterized 
by comprising as main components thereof two components, a 
polybutylene succinate and a polylactic acid, wherein the 
polybutylene succinate component accounts for a proportion of not 
less than 50% of the resin and the formed article is possessd of 
a two-phase structure such that particles of the polylactic acid 
portion are dispersed in the matrix of the polybutylene succinate. 
[Claim 2] 

The formed article according to claim l f characterized in that 
the polybutylene succinate component accounts for a proportion in 
the range of 55 to 90% of the resin. 
[Claim 3] 

The formed article according to claims 1 and 2 r wherein the formed 
article is a slide fastener, 
[Claim 4] 

The formed article according to claims 1 and 2 f wherein the formed 
article is a separable fastener* 
[Claim 5] 

A formed article made of a biodegradable resin characterized 
by comprising as main components thereof two components , a 
polybutylene succinate and a polylactic acid, wherein the diameter 
of the particles of the polylactic acid portion is not more than 
9 ^m. 

[Claim 6] 
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The formed article according to claim 5, wherein the formed 
article is a slide fastener. 
[Claim 7] 

The formed article according to claim 5, wherein the form d 
article is a separable fastener* 
[Claim 8] 

A formed article made of a biodegradable resin characterized 
by comprising as main components thereof two components, a 
polybutylene succinate and a polylactic acid, wherein the 
polybutylene succinate component accounts for a proportion of not 
less than 50% of the resin, the formed article is possessd of a 
two-phase structure such that particles of the polylactic acid 
portion are dispersed in the matrix of the polybutylene succinate, 
and the diameter of the particles of the polylactic acid portion 
is not more than 9 jim. 
[Claim 9] 

The formed article according to claim 8, wherein the formed 
article is a slide fastener. 
[Claim 10] 

The formed article according to claim 8, wherein the formed 
article is a separable fastener. 

[Detailed Description of the Invention] 
[Field of Industrial Application] 

This invention relates to a formed article made of a material 
comprising two components, a polybutylene succinate and a polylactic 
acid which have biodegradable functional characteristics. The 
present invention relates particularly to formed articles for 
fasteners which are fabricated by injection molding or extrusion 
molding . 

[Prior Art] 
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0f these biodegradable resins, the polybutylene succinate is 
an aliphatic polyester which is chemically synthesized mainly from 
glycol and an aliphatic dicarboxylic acid* A polylactic acid is 
chemically synthesized by using L-lactic acid as a monomer. Their 
main chemical structural formulas are represented by the following 
[Formula 1J and [Formula 2], respectively. 
[Formula 1] [Formula 2] 

Xo-<CBA-^HOtt-^ JLo-g— c4- 
L O O J n L O In 

i 

AS regards the polybutylene succinate, the biodegradable resin 
"Bionolle" using this compound as a main component has been already 
marketed. The "TECHNICAL DATA SHEET, Bionolle, Biodegradable 
Plastic (1996)" issued by Showa Highpolymer Co* / Ltd. , the producer 
of this biodegradable resin, offers such information as the outline, 
attributes , and structure thereof. As regards the polylactic acid, 
the biodegradable resin •■LACT" using polylactic acid as a main 
component has been already marketed. The "SHIMADZU LACT Report - 
Lactic Acid Type Biodegradable Plastic No* 1 LACT" issued by Shimadzu 
Seisakusho K.K., the producer of this biodegradable resin, offerB 
such information as the structure, attributes, and mechanical 
properties thereof. While these biodegradable resins are as stable 
in the air as wood and paper, they succumb to biode gradation in 
compost, wet soil, activated sludge, fresh water, and seawater and 
ultimately yield to decomposition into water and carbon dioxide. 

The products of synthetic resin in use to date, owing to the 
outstanding features thereof such as light weight, low price, and 
easy workability, have infiltrated into every area of our daily life 
and now constitute themselves indispensable raw materials in the 
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modern economic society* Fasteners are no exception to this 
statement. The resin fasteners using synthetic resins are utilized 
in various products which allow the characteristic features of 
synthetic resin to be harnessed advantageously. These products of 
synthetic resin, however, entail such problems of public nuisance 
as, for example, destruction and pollution of natural environment 
when they are discarded after use because they are suffered to persist 
in their undecomposed state and accumulate in the natural 
environment. Though the cases of successful adaptation of these 
biodegradable resins for practical use are still few in number , the 
products which use such biodegradable resins as have only a light 
load on the physical environment have begun to appear as alternatives 
for the existing products of synthetic resin. 

[Problems to be solved by the Invention] 

The use of such biodegradable resins as mentioned above in such 
actual products as fasteners, however, incurs a heap of problems 
on strength and moldability which remain yet to be solved. 
Unfortunately, none of the biodegradable resins which have been 
already introduced to the market satisfies all these requirements. 

The present invention, with a view to imparting to a 
biodegradable resin such strength as fully suffices effective use 
of the resin as in fasteners and at the same time enabling the resin 
to exhibit improved moldability important for the process of 
production, consists in compounding two different kinds of 
biodegradable resin materials thereby compensating these 
biodegradable resins severally for their defects and deriving good 
qualities from the physical properties of the individual resin 
materials, in the category of the conventional synthetic resins, 
this approach generally passes under the name of polymer blend 
technique. The substance of this technique is described in detail 
in Saburo Akiyama et al. "Polymer Blend" published by CMG Press 
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(1981), for example. 

t Means for solving the Problems] 

The present inventors / after pursuing a diligent study to solve 
the problems mentioned above, have taken notice of the state of 
dispersion of biodegradable resins and consequently discovered that 
the control of this state of dispersion brings about a significant 
effect on the material strength and further that the particle 
diameter of the component forming the disperse phaBe of the 
biodegradable resin and the material strength copiously correlate 
each other and the material strength is markedly increased by 
limiting the particle diameter to below a specific magnitude. These 
discoveries have led to perfection of the present invention. 

In the polymer materials, when two components are mixed, one 
of them forms a disperse phase and the other forms a continuous phase. 
These phases are collectively referred to as a sea and island 
structure and bear heavily on the strength of material. This 
phenomenon has been minutely investigated with respect to the 
multicomponent systems in the existing synthetic resins and the 
outcomes of the investigation are described in detail in the book 
compiled by Kobunshi Gakkai, titled "polymer Alloy - Base and 
Applications", and published by Tokyo Kagaku Dojin (1981). 

In fact, in the formed article of a biodegradable resin composed 
of a polybutylene succinate and a poly lactic acid, one of the 
components is destined to form a disperse phase and the other a 
continuous phase* The formed article has the physical properties 
thereof widely varied, depending on which of the two component resins 
forms the disperse phase. This choice is decided by the mixing ratio 
of the two biodegradable resins. 
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When resins having polybutyl ne succinate and polylactic acid 
in varying mixing ratios were prepared and examined for physical 
properties, it was clearly found that the magnitude of elongation 
during the tensile test depended largely on the state of dispersion 
of the two resins. [Fig. 1] depicts the elongation during the 
tensile test relative to the mixing ratio of the two resins in a 
relevant sample. 




0 »° 25 50 75 100 
Mixing Ratio (polylactic cid %) 



It is noted from the results shown in [Fig- 1] that the elongation 
markedly increases when the proportion of the polybutylene succinate 
component exceeds 50% and that the magnitude of % strain Surpasses 
200% and the elongation reaches the maximum when the proportion of 
the polybutylene succinate component is in the approximate range 
of 55 to 90%. The elongation is high at the mixing ratio in which 
the proportion of the polybutylene succinate component is high* 
From this fact, it is easily inferred that the polybutylene succinate 
which accounts for such a large proportion easily forms th 
continuous phase. In fact, when the mixed resins having the mixing 
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ratios in the range mentioned above are observed to test for the 
state of dispersion under an optical microscope , it is understood 
that the polylactic acid forma the disperse phase and the 
polybutylene succinate the continuous phase (Pig. 2). 

[Fig. 2] 




The results shown above indicate the fact that by UBing the 
polylactic acid for the disperse phase and the polybutylene succinate 
for the continuous phase , namely by forming a two-phase structure 
having the particles of the polylactic acid dispersed in the matrix 
of the polybutylene succinate, and further by using the polybutylene 
succinate component in a proportion exceeding 50%, preferably 
falling in the range of 55 to 90%, the binary resin product 
consequently produced is enabled to acquire a marked improvement 
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in elongation* 

The present invention, for the purpose of improving the 
elongation which constitutes itself an important position in the 
mechanical properties of material and in view of the results 
discussed above, is directed to providing a formed article of 
biodegradable resin comprising a part which is composed of the two 
components of polybutylene succinate and polylactic acid wherein 
the polybutylene succinate component accounts for a proportion of 
not less than 50% and the particles of the polylactic acid are 
dispersed in the matrix of the polybutylene succinate to give rise 
to a two-phase structure. 

For the purpose of producing the formed article of biodegradable 
resin constructed as described above, it suffices during the mixture 
of the polybutylene succinate with the polylactic acid to use the 
polybutylene succinate in a larger proportion than the polylactic 
acid. Specifically, for the sake of enabling the polybutylene 
succinate to form the continuous phase in the binary polybutylene 
succinate/polylactic acid resin, the proportion of the polybutylene 
succinate during the mixture of the two biodegradable resins is 
required to be not less than 50% based on the total weight of the 
resins. 

Further, the present inventors have discovered that in the 
formed article characterized by fulfilling the condition mentioned 
above, namely the two-phase structure having the particles of the 
polylactic acid dispersed in the matrix of the polybutylene 
succinate, the strength of the material is heavily affected by the 
diameter of the particles of the polylactic acid in the structure. 

In the multicomponent polymer material, the magnitude of the 
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diameter of the particles forming the disperse phase brings about 
a large effect on the strength of the material. The strength of the 
material increases in accordance as the diameter of the particles 
of the disperse phase decreases. In fact, in the binary resin 
mentioned above in which the polybutylene succinate forms the 
continuous phase and the polylactic acid the disperse phase/ the 
relation between the diameter of the polylactic acid particles of 
the disperse phase and the material strength can be obtained by an 
experiment. This relation was determined in the relevant binary 
biodegradable resin by preparing a number of samples containing 
polylactic acid particles of varied diameters/ measuring the 
diameters of polylactic acid particles in each sample, finding the 
strength of the sample by a tensile test/ and correlating the 
resultant data of particle diameter and strength* The results of 
this experiment are shown in [ Fig . 3 ] . 
[Fig. 3] 
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It is clearly noted from the above diagram that conspicuous 
increases in the material strength were observed when the diameters 
of polylactic acid particles were not more than 9 jim. Specifically, 
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the present invention provides the formed article of biodegradable 
resin produced in the two-phase structure having the particles of 
the polylactic acid dispersed in the matrix of the polybutylene 
succinate/ wherein the particles of the polylactic acid have 
diameters of not more than 9 fim. 

The biodegradable res ins f i.e. the polybutylene succinate and 
the polylactic acid, to be used in the present invention can be 
produced by known methods and they can be adopted for the use without 
any particular restriction. 

The most significant characteristic features of the formed 
article made of a biodegradable resin according to the present 
invention reside in the fact that the formed article is possessd 
of a two-phase structure such that particles of the polylactic acid 
portion are dispersed in the matrix of the polybutylene succinate 
and that the diameter of the particles of the polylactic acid portion 
is preferably not more than 9 jim. That is to say, the formed article 
of biodegradable resin is enabled to acquire an increased strength 
by causing such a two-phase structure, or by causing such a two-phase 
structure having such particle diameters of the polylactic acid. 

The formed article contemplated by the present invention is not 
discriminated on account of the particular method of production to 
be adopted* A method which may be cited as the most typical method 
for the production of a formed article of biodegradable resin 
comprises first kneading polybutylene succinate and polylactic acid 
in a weight ratio having the polybutylene succinate in a major 
proportion at about 190°C with a kneading device and then molding 
the resin resulting from the kneading by means of an injection molding 
device thereby obtaining a molded article of biodegradable resin 
characterized by having a two-phase structure containing particles 
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of the polylactic acid component dispersed in the matrix of the 
polybutylene succinate. That is to say, the present inventors have 
discovered that a formed article of biodegradable resin having higher 
strength i6 obtained easily with high reproducibility by kneading 
the polybutylene succinate and the polyacetic acid at a stated mixing 
ratio and then injection molding the kneaded resin. The kneading 
temperature mentioned above does not need to be fixed at the magnitude 
mentioned above. The kneading which is performed at a temperature 
exceeding the melting points of the relevant resins suffices for 
the intended purpose. Optionally, the kneading of the two resins 
may be effected by a method which avoids using a kneading device, 
namely a method which comprises mixing the two resins each in the 
shape of pellets prior to the step of molding. 

[Example] 

Now, a working example is given below to describe the present 
invention more concretely, as a matter of course, the present 
invention is not limited to the following examples. 

[Example 1] 

Commercially available biodegradable resins were used as the 
raw materials herein* In the present example, the aliphatic 
polyester type biodegradable resin made by Showa Highpolymer Co., 
Ltd., "Bionolle" #1020 was used as polybutylene succinate and the 
polylactic acid type biodegradable resin made by Shimadzu Seisakusho 
K.K., TACT" was used as polylactic acid. First, the pellets of 

these resins were dried under a reduced pressure at 80°C for four 
hours. The two resins weighed out in amounts calculated to result 
in a Bionolle/LACT weight ratio of 75/25 were thrown into a kneading 
device. They were kneaded under the kneading conditions of 170 °C 
of kneading temperature, 60 r/min* of mixer revolution number, and 
5 minut s of kneading time to obtain the resin N a" of the quality 
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shovn in [Table 1]. Likewise, the resin M b B shown in [Table 1] was 
obtained under the kneading conditions of 190 °C of kneading 
temperature, 60 r/min. of mixer revolution number , and 5 minut s 
of kneading time. Further , the resin "c" shown in [Table 1] was 
obtained under the kneading conditions of 210°C of kneading 
temperature , 60 r/min. of mixer revolution number, and 5 minutes 
of kneading time. 



[Table 1] 





Kneading 


Tensile 


Diameter 


Molded 


Lateral 


Resin 


temperature 


strength 


Of LACT 


article 


tensile 




(°C) 


(MPa) 


particles 




strength 








(m) 




kgf . (25mm)" 1 


a 


170 


41 


7.3 


A 


30 


b 


190 


40 


5.5 


B 


32 


c 


210 


48 


4.1 


C 


32 



The resins a and b prepared by the procedure described above 
were severally extruded in the form of a monofilament and tested 
for tensile strength by the use of a tensile tester. The cross 
section of the monofilament of the resin a or b was observed to measure 
the diameters of the particles of LACT as the polylactic acid 
component* The data of tensile strength and the data of diameter 
of LACT particles consequently obtained are shown collectively in 
[Table 1]. It is clearly noted from the results shown therein that 
the LACT particles in each of the resins had diameters of not more 
than 9 im and the strength of the kneaded resin increased in 
accordance as the particle diameter decreased. 

The resins a r b, and c were severally processed with an injection 
molding device to obtain injection molded slide fasteners A, B, and 
C of the 5vs specification and these fasteners were tested for lateral 
tensile strength* The results of the t st are shown in conjunction 
with the diameters of LACT particles in [Table 1]. An outline of 



Received from < 404 653 6444 > at 1 2/2/02 4:31 : 14 PM [Eastern Standard Time] 



DEC 02 2002 16:34 FR 



ERGAN HENDERSON404 653 644 



6063056360030*00 P . 28 



-15- 



the method f r measuring the lat ral tensile strength is illustrated 
in [Fig- 4]- It is clearly noted from the reeults shown in [Table 
1] that the lateral tensile strength of the fastener increased in 
proportion as the diameter of the LACT particles decreased. All the 
molded articles showed such magnitudes of lateral tensile strength 
as exceeded the standard level of 25 kgf /25 mm of 5VS specified in 
JIS. The results demonstrate the effect brought about in the 
improvement of strength by the fact that the diameter of LACT 
particles was not more than 9 #m. 



Rate of Pulling 800 mm/mm., Width of Clamp' 25 mm 

[Brief Description of the Drawings] 
[Fig. 1] 

This figure shows the elongation exhibited by a resin having 
a varying polybutylene succinate/polylactic acid mixing ratio . The 
abscissa axis is the scale of the proportion of the polylactic acid 
to the total amount of the mixed resins expressed in % by weight 
and the ordinate axis is the scale of the elongation expressed in % 
strain * The hatched part enclosed with a dotted line in the diagram 
(the mixing ratio of LACT ranging from 10 through 45% by weight and 
the % strain above 200%) represents a recommended range. The 
distance between two gage marks on a test piece used in the 
measurement of elongation was 50 mm. 



[Fig* 4] 
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[Fig- 2] 

This figure 6 hows a polarized photomicrograph of the cross 
section of a monofilament having a polybutylene 
succinate/polylactic acid mixing ratio of 50/50. The cross section 
was photographed by using a quarter-wave plate under the condition 
of cross Nichol. The orange-colored part of the diagram represents 
the polybutylene succinate component and the purple part the 
poly lactic acid component. 

[Fig. 3] 

This figure showe the relation between the tensile strength of 
the material and the polylactic acid particle diameter of a resin 
formed of polybutylene succinate and polylactic acid. The abscissa 
axis is the polylactic acid particle diameters (pan) and the ordinate 
axis is the tensile strength (MPa) . 

[Fig* 4] 

This figure shows the specification for determining the lateral 
tensile strength in Example l. with fastener stringers so held as 
to keep coupling elements in a meshed state, fastener tapes wer 
drawn by the use of a tensile tester at a fixed rate (300 mm/min.) 
in the direction of engagement of the stringers as illustrated in 
the diagram to test for tensile resistance. Clamps had a width of 
25 mm . 
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